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Leptogenesis with TeV Scale WR
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Successful leptogenesis within the conventional TeV-scale left-right implementation of type-I see-
saw has been shown to require that the mass of the right-handed W±R boson should have a lower
bound much above the reach of the Large Hadron Collider. This bound arises from the necessity to
suppress the washout of lepton asymmetry due to W±R -mediated ∆L 6= 0 processes. We show that
in an alternative quark seesaw realization of left-right symmetry, the above bound can be avoided.
Lepton asymmetry in this model is generated not via the usual right-handed neutrino decay but
rather via the decay of new heavy scalars producing an asymmetry in the B − L carrying Higgs
triplets responsible for type-II seesaw, whose subsequent decay leads to the lepton asymmetry. This
result implies that any evidence for WR at the LHC 14 will point towards this alternative realization
of left-right symmetry, which is also known to solve the strong CP problem.
PACS numbers: 98.80.Cq, 14.60.Pq, 12.60.Cn, 12.60.Fr
I. INTRODUCTION
The discoveries of atmospheric, solar, accelerator and
reactor neutrino oscillations have established that the
neutrinos are massive and are mixed among different fla-
vors [1]. This is the first evidence for new physics be-
yond the standard SU(3)c×SU(2)L×U(1)Y model (SM).
Meanwhile, the cosmological observations combined with
oscillation data imply that the neutrino masses should
be in a sub-eV range [1]. A simple beyond the stan-
dard model (BSM) mechanism for understanding such
tiny neutrino masses is provided by the various seesaw
schemes [2–5], known as type-I, type-II, inverse and type-
III seesaw respectively. In the type I and inverse seesaw
scenarios, the SM is extended by the inclusion of heavy
SM singlet fermions, i.e. the right-handed neutrinos
(RHNs) with Majorana masses (for type-I and inverse)
and in type II case, heavy triplet scalars with lepton
number violating couplings are added to SM. After the
SU(2)L×U(1)Y electroweak symmetry is spontaneously
broken down to the U(1)em, the neutrinos acquire a Ma-
jorana mass term highly suppressed by a small ratio of
the electroweak scale over the heavy Majorana fermion
or scalar masses. These models have the extra advan-
tage that they provide a way to understand the cosmic
matter-antimatter asymmetry via the so-called leptogen-
esis mechanism [6]. In the type-I seesaw case, the typical
scenario involves the decay of heavy RHNs of the seesaw
to generate a lepton asymmetry through their Yukawa
interactions as long as CP is not conserved [6]. Subse-
quently, this lepton asymmetry is partially converted to
a baryon asymmetry through the sphaleron processes [7].
Left-right (LR) symmetric models based on the gauge
group SU(3)c × SU(2)L × SU(2)R × U(1)B−L [8] pro-
vide an elegant embedding of seesaw mechanism into
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more fundamental framework. It naturally provides the
two key ingredients of the type-I seesaw mechanism i.e.
the RHNs which arise from anomaly cancellation and
the Majorana masses for RHNs which arise from the
breaking of the SU(2)R × U(1)B−L symmetry. In the
LR symmetric models, the SM left-handed fermions are
placed in the SU(2)L doublets as they are in the SM, the
SM right-handed fermions plus three RHNs are placed
in the SU(2)R doublets. Implementation of type-I see-
saw in the model comes from the Higgs scalars consisting
of SU(2)L,R triplets and one SU(2)L × SU(2)R bidou-
blet. When the [SU(2)R]-triplet Higgs scalar develops
its vacuum expectation value (VEV) breaking the LR
symmetry down to the SM, i.e. SU(2)R × U(1)B−L −→
U(1)Y and the lepton number violation needed for see-
saw emerges automatically. After the RHNs go out of
equilibrium in the early universe, their decays then can
provide a realization of leptogenesis. Because the RHNs
couple to the non-SM gauge bosons in the LR model,
their departure from equilibrium as well as the suppres-
sion of subsequent wash-out constrains the LR symmetry
breaking [9, 10], implyingMW
R
≥ 10−13 TeV depending
on assumptions. This implies that it would be impossible
to simultaneously have a successful leptogenesis and LR
symmetry with type-I seesaw testable at the LHC.
In addition to the neutrino mass and the baryon asym-
metry, the SM faces another challenge, the strong CP
problem. It is an interesting property of the LR sym-
metric models that they provide an alternative setup to
solve the strong CP problem without the need for an
axion. This is because these models naturally contain
a discrete parity symmetry which makes the tree-level
quark mass matrices hermitian, implying the vanishing
of the strong CP phase at the tree level [11]. This leads
to a calculable value for θ from loop effects. However
in the minimal LR type-I seesaw model, additional sym-
metries (e.g. supersymmetry [12]) are required for this
purpose. A realization of left-right symmetry, where a
finite θ is generated at the two-loop level without the
2need for any additional symmetries [13] and is therefore
naturally below the current limits, is provided by adding
heavy vector-like quarks and leptons to the model. The
quark masses arise in this model from a seesaw mecha-
nism (called quark seesaw [14] in this paper) using the
vector-like quark masses as the heavy end of the seesaw.
The model has a different Higgs structure i.e. a left dou-
blet and a right doublet for the corresponding SU(2)’s,
instead of a bi-doublet and B − L = 2 triplets as in the
minimal LR type-I seesaw case.
Our goal in this paper is to focus on this class of quark
seesaw LR symmetric models and discuss leptogenesis
and neutrino masses. We extend the minimal quark see-
saw LR model by adding B−L = 2 Higgs triplets to make
it realistic in the neutrino sector. The small neutrino
masses are generated using type-II seesaw mechanism.
The required smallness of the left triplet VEV needed
for this purpose arises from a two-step suppression of the
VEVs [15] with no couplings smaller than ∼ 10−5 (which
is roughly of the same order as the electron Yukawa in the
SM). This is a significant improvement over the canoni-
cal type-II models in the SM where couplings as small as
10−10 or masses as large as 1012GeV are required. We
keep all masses in our model below 100TeV.
We then discuss leptogenesis in this model and show
that the lower bound on the WR mass mentioned above
for the minimal type-I LR model can be avoided, mak-
ing WR accessible at the LHC. The way it comes about
is that, the lepton asymmetry arises not from the de-
cay of RHNs but rather the decay of new heavy SM sin-
glet scalar bosons, as for instance in [15]. This heavy
scalar decay leads to an asymmetry in B − L carrying
scalar triplets responsible for type-II seesaw. The triplet
scalars decay to leptons generating the lepton asymme-
try that gets converted to the baryon asymmetry via the
sphaleron interactions. There are noWR mediated wash-
out processes in this case, thus avoiding the bound on
WR mass. The significance of this result is that if the
WR is discovered at the LHC 14, it will not only provide
evidence for the idea of LR extension of SM but also
point towards the quark seesaw realization of the idea
as well as providing possibly alternative solution to the
strong CP problem. This will have significant implica-
tion for physics beyond the SM e.g. any possible grand
unification, proton decay etc. The model also has the
feature that the right handed neutrino masses are in the
keV range, with implications for low energy beta decay
phenomenology [16].
The paper is organized as follows: in sec. II, we review
the quark seesaw realization of the left-right model with
new Higgs scalar triplets for neutrino masses and the dif-
ferent symmetry breaking stages; in sec III, we discuss
how small neutrino masses arise in this model; In sec.
IV, we give a benchmark values for parameters of the
model; in sec. V, we present the calculation of the lepton
asymmetry generation and in sec. Vi we discuss how this
lepton asymmetry gets converted to the baryon symme-
try. and in sec, VII, we discuss some phenomenological
implications and in sec. VIII, we summarize our results.
II. THE MODEL
Our model includes the chiral fermions and Higgs
scalars as given below,
qL(3, 2, 1,+
1
3 )(+
1
3 ) =
[
uL
dL
]
,
qR(3, 1, 2,+
1
3 )(+
1
3 ) =
[
uR
dR
]
,
DL,R(3, 1, 1,− 23 )(+ 13 ) , UL,R(3, 1, 1,+ 43 )(+ 13 ) ;
lL(1, 2, 1,−1)(−1) =
[
νL
eL
]
,
lR(1, 1, 2,−1)(−1) =
[
νR
eR
]
,
EL,R(1, 1, 1,−2)(−1) ;
φL(1, 2, 1,−1)(0) =
[
φ0L
φ−L
]
,
φR(1, 1, 2,−1)(0) =
[
φ0R
φ−R
]
,
∆L(1, 3, 1,+2)(+2) =
[
δ+L /
√
2 δ++L
δ0L δ
+
L /
√
2
]
,
∆R(1, 1, 3,+2)(+2) =
[
δ+R/
√
2 δ++R
δ0R δ
+
R/
√
2
]
;
σ(1, 1, 1, 0)(−2) , χ(1, 1, 1, 0)(+1) . (1)
Here the first brackets following the fields describe the
transformations under the GLR = SU(3)c × SU(2)L ×
SU(2)R×U(1)X gauge group, while the second brackets
are the global B − L numbers1. For brevity, we do not
write down the full Lagrangian. Instead we only show
1 The present U(1)B−L global symmetry can be a gauged symme-
try. But we do not discuss it here.
3the following terms relevant for our discussion.
L ⊃ −yD
(
q¯Lφ˜LDR + q¯Rφ˜RDL
)
−MDD¯RDL
−yU (q¯LφLUR + q¯RφRUL)−MU U¯RUL
−yE
(
l¯Lφ˜LER + l¯Rφ˜REL
)
−MEE¯REL
−1
2
f
(
l¯cLiτ2∆LlL + l¯
c
Riτ2∆RlR
)
−κσ (φTLiτ2∆LφL + φTRiτ2∆RφR)− µσχ2
+H.c. +M2∆LTr
(
∆†L∆L
)
+M2∆RTr
(
∆†R∆R
)
+M2σσ
†σ . (2)
The [SU(2)]-doublet Higgs scalars φL,R are responsible
for the left-right and electroweak symmetry breaking, i.e.
SU(2)L × SU(2)R × U(1)X
〈φR〉−→ SU(2)L × U(1)Y
〈φL〉−→ U(1)em . (3)
This can be achieved by softly breaking the parity sym-
metry in Eq. (2) in the Higgs doublet masses. This keeps
the strong CP solution unaffected.
Note that at this stage the gauge symmetry is fully
broken down to SU(3)c×U(1)em as desired but it leaves
a global B − L symmetry unbroken. Thus the neutrinos
only have a tiny Dirac mass from two-loop diagram [17].
When the [GLR]-singlet Higgs scalar χ develops its VEV
〈χ〉 it breaks the global U(1)B−L symmetry. We assume
the scale of this breaking to be ∼ 100 TeV. The corre-
sponding massless Goldstone boson decouples from the
thermal bath at a high temperature and does not af-
fect teh subsequent evolution of the universe. The other
[GLR]-singlet Higgs scalars σ then acquires a seesaw-
suppressed VEV,
〈σ〉 ≃ −µ〈χ〉
2
M2σ
≪ 〈χ〉 for M2σ ≫ µ〈χ〉 . (4)
As for the [SU(2)]-triplet Higgs scalars ∆L,R, their VEVs
arise from the σ vev and are therefore highly suppressed
by the small VEVs 〈σ〉 as well as by the small value of the
coupling parameter κ which is required for generation of
matter-anti-matter asymmetry(see later), i.e.
〈∆L,R〉 ≃ −
κ〈σ〉〈φL,R〉2
M2∆
L,R
≪ 〈φL,R〉 . (5)
This for example leads to a VEV of ∆L in the eV range,
which the explains the tiny neutrino masses.
We emphasize that the phase in the cubic cou-
pling κ〈σ〉 can contribute an overall phase to the mass
matrix ME by redefining the fields (∆L, lL, ER) and
(∆R, lR, EL). This overall phase can not be removed be-
cause the parity symmetry now is softly broken but its
effect on the strong CP phase arises in high loop level
and the model still solves the strong CP problem..
III. FERMION MASSES
After the left-right and electroweak symmetry break-
ing, we obtain the charged fermion masses,
L ⊃ − [ u¯L U¯L ]
[
0 yU 〈φL〉
y†U 〈φR〉 M †U
][
uR
UR
]
− [ d¯L D¯L ]
[
0 yD〈φL〉
y†D〈φR〉 M †D
][
dR
DR
]
− [ e¯L E¯L ]
[
0 yE〈φL〉
y†E〈φR〉 M †E
][
eR
ER
]
+H.c. .
(6)
It is well known the above quark mass matrices can solve
the strong CP problem without introducing the axion.
The details can be found in [13]. Furthermore, since
the [SU(2)]-singlet fermions are heavy, they can be in-
tegrated out. The SM fermion masses thus should be
md = −yD
〈φL〉〈φR〉
MD
y†D ,
mu = −yU
〈φL〉〈φR〉
MU
y†U ,
me = −yE
〈φL〉〈φR〉
ME
y†E . (7)
We now study the neutrino mass. Clearly, through
the Yukawa couplings of the [SU(2)]-triplet Higgs scalars
∆L,R to the [SU(2)]-doublet leptons lL,R, the left-
and right-handed neutrinos can obtain their Majorana
masses,
L ⊃ −1
2
mLν¯
c
LνL −
1
2
mRν¯
c
RνR +H.c.
with mL,R = f〈∆L,R〉 . (8)
Thanks to the small VEV 〈∆L〉, the left-handed neu-
trino masses mL can be made tiny even if the Yukawa
couplings f are sizable. This is the essence of the type-
II seesaw. As shown in Eq. (4), the present model has
a first stage seesaw suppression of the parameter κ〈σ〉
in a natural way and a second step suppression due to
the small coupling ]kappa ∼ 10−5, which is only of the
same order as eelctron Yukawa coupling in the SM and
hence not overly fine-tuned. Clearly, the same two step
suppressed type-II seesaw mechanism also applies to the
generation of the right-handed neutrino masses mR. As
a result, the right-handed neutrino masses are much be-
low the left-right symmetry breaking scale and for our
benchmark choice of parameters (sec.VI) are in few keV
range. A cosmologically relevant observation is that since
〈∆L,R〉 is proportional to 〈σ〉 ∼ GeV, the neutrinos are
massless until the universe cools down to T ∼ 0.1 − 1
GeV and are massless when the sphaleron interactions
are in equilibrium.
4As noted, at the two-loop level, the charged current
interactions and the charged fermion masses can always
mediate a Dirac mass term between the left- and right-
handed neutrinos [17]2,
L ⊃ −mDν¯LνR +H.c. with mD ≃
3g4
4(16π2)2
mtmb
M2W
R
mˆe .
(9)
The νL − νR mixing is small enough enough to escape
from the BBN constraint [18].
IV. NUMERICAL EXAMPLE
In this section, we give a benchmark scenario to show
how the model works for right handed WR mass in the
low TeV range so that it is accessible at the LHC. For
example, we take
〈φR〉 = 5TeV =⇒MW
R
=
1√
2
g〈φR〉 ≃ 2.3TeV .(10)
In addition, we assume the global lepton number break-
ing scale to be3
〈χ〉 = 100TeV . (11)
By inserting
M∆
L
= 3TeV , M∆
R
= 1TeV , Mσ
1,2
= 100TeV ,
µ1,2 = 10
−6Mσ
1,2
, κ1,2 = 10
−5 , (12)
in Eqs. (4) and (5), we then read
〈σ〉 ≃ 100MeV , 〈∆R〉 ≃ 25 keV , 〈∆L〉 ≃ 3 eV .(13)
Eventually, the neutrino masses should be
mL = 3 eV · f∆ , mR = 25 keV · f∆ ,
mD ≃ 1.3 eV , (14)
Note the right-handed neutrinos νR can be quasi-
degenerate even if the left-handed neutrinos νL have a
hierarchical spectrum. This is because the parity sym-
metry is softly broken and hence the right-handed PMNS
2 Because of some quartic couplings in the scalar potential, the
singly charged components of the [SU(2)]-triplet Higgs scalars
∆
L
and ∆
R
can mix with each other at tree level after the left-
right and electroweak symmetry breaking. These singly charged
scalars with the charged leptons can mediate a one-loop diagram
to generate a Dirac mass term between the left- and right-handed
neutrinos. This Dirac mass term could be much smaller than the
two-loop contribution since the VEVs 〈∆L,R〉 are assumed much
smaller than the quark masses m
t,b
.
3 If the present U(1)B−L global symmetry is a gauged symmetry,
we need consider the departure from equilibrium of the related
gauge interactions. Furthermore, we need check other experi-
mental constraints [19]. For this paper, we keep it as a global
symmetry.
matrix is allowed different from the left-handed PMNS
matrix. Accordingly, the three νR can be all at the keV
scale while the νL − νR mixing θLR ∼ mD/mR can be
very small when the Yukawa couplings f∆ are sizable, i.e.
θLR ∼ mD/mR . 10−3 for f∆ = 0.05 . (15)
We now show that with our choice of parameters,
the keV right-handed neutrinos do affect the BBN dis-
cussion. First, the right-handed neutrinos will de-
couple from the weak interactions at the temperature
around T ∼ 3MeV θ−2/3LR ≃ 300MeV(θLR/10−3)−2/3
where 3MeV is the decoupling temperature for the
left-handed neutrinos. Secondly, the annihilating and
scattering processes mediated by the other gauge
bosons will decouple at the temperature around T ∼
3MeV(MWR/MWL)
4/3 ≃ 260MeV(MWR/2.3TeV)4/3.
Thirdly, we consider the annihilating and scattering
processes mediated by the singly charged component
of the ∆R scalar. The decouple temperature should
be about T ∼ 3MeV(g/f∆)4/3(M∆R/MWL)4/3 ≃
2.7GeV(0.05/f∆)
4/3(M∆R/1TeV)
4/3. In conclusion, the
existence of the keV right-handed neutrinos will not con-
flict with the BBN. As already noted, the νL−νR mixing
is small enough so that oscillations do not affect the BBN
considerations [18].
V. LEPTON ASYMMETRY
We now discuss the generation of lepton asymmetry in
our model. As noted, it is different from the mechanism
in type I seesaw models where decay of the right handed
neutrinos was the main source. In our model, it is the
decay of heavy singlet scalar σ decay which plays this
role. Before the left-right symmetry breaking, the [GLR]-
singlet scalars σa can have three decay modes, σa →
φ∗Lφ
∗
L∆
∗
L, σa → φ∗Rφ∗R∆∗R and σa → χ∗χ∗. We calculate
the decay width at tree level,
Γσa = Γ(σa −→ φ
∗
Lφ
∗
L∆
∗
L) + Γ(σa −→ φ∗Rφ∗R∆∗R)
+Γ(σa −→ χ∗χ∗)
≡ Γ(σ∗a −→ φLφL∆L) + Γ(σ∗a −→ φRφR∆R)
+Γ(σ∗a −→ χχ) ,
=
1
8π
(
|µa|2
M2σa
+
3|κa|2
16π2
)
Mσa . (16)
5We also compute the one-loop CP asymmetries in the
above decays, i.e.
ε
∆L
σa = 2
Γ(σa −→ φ∗Lφ∗L∆∗L)− Γ(σ∗a −→ φLφL∆L)
Γσa
=
1
4π
Im (µ∗bµaκbκ
∗
a)
M2σa −M2σb
1
|µa|
2
M2σa
+
3|κa|
2
16pi2
,
ε
∆R
σa = 2
Γ(σa −→ φ∗Rφ∗R∆∗R)− Γ(σ∗a −→ φRφR∆R)
Γσa
=
1
4π
Im (µ∗bµaκbκ
∗
a)
M2σa −M2σb
1
|µa|
2
M2σa
+
3|κa|
2
16pi2
,
εχσa =
Γ(σa −→ χ∗χ∗)− Γ(σ∗a −→ χχ)
Γσa
= − 1
4π
Im (µ∗bµaκbκ
∗
a)
M2σa −M2σb
1
|µa|
2
M2σa
+
3|κa|
2
16pi2
. (17)
It is easy to check that
ε
∆L
σa = ε
∆R
σa ≡
1
2
ε∆σa , (18)
due to the parity symmetry, meanwhile,
ε
∆L
σa + ε
∆R
σa + ε
χ
σa
≡ 0 , (19)
due to the lepton number conservation.
When the [GLR]-singlet scalars σ go out of equilibrium,
their decays can produce a lepton asymmetry stored
in the [SU(2)]-triplet Higgs scalars ∆L,R and an oppo-
site lepton asymmetry stored in the [GLR]-singlet Higgs
scalar χ. Clearly, the ∆L,R asymmetry and the χ asym-
metry decouple from each other once they are induced.
This is clearly satisfied in our model since the commu-
nication between the χ - field and the ∆L,R field only
occurs via the σ mixing with χ’s from µ coupling and
κ coupling after 〈φR〉 switches on. This mixing is given
by the product of two small parameters µ and κ in our
choice of parameters and is of order ∼ 10−11. Thus this
mixing is not cosmologically relevant at the epoch of lep-
togenesis. The [SU(2)]-triplet Higgs scalars ∆L,R can
transfer their lepton asymmetry to the [SU(2)]-doublet
leptons lL,R when they decay and this happens before
the sphaleron processes become inactive at temperature
Tsph ∼ 100GeV.
In this model, the spontaneous breaking of the global
U(1)B−L symmetry occurs around 200 TeV by the χ
VEV; however due to low value for 〈σ〉, no lepton-
number-violating processes would emerge before the
sphalerons had partially converted the lepton asymmetry
to a baryon asymmetry. A consequence of this is that
the lepton-number-violating processes lL(R)lL(R) ←→
φL(R)φL(R), l
c
L(R)l
c
L(R) ←→ φ∗L(R)φ∗L(R), lL(R)φ∗L(R) ←→
lcL(R)φL(R), which could have a potential wash out effect
on the lepton asymmetry do not go into equilibrium be-
fore the sphalerons stop working, and therefore do not
pose a problem. To be more explicit, we demand that
Γ∆L=2 < H(T ) for T > Tsph . (20)
where the Hubble constant H(T ) is given by
H(T ) =
(
8π3g∗
90
) 1
2 T 2
MPl
, (21)
with MPl ≃ 1.22× 1019GeV being the Planck mass and
g∗ = O(100) being the relativistic degrees of freedom. As
for the lepton-number-violating interaction rates Γ∆L=2,
they can be estimated by
Γ∆L=2 ∼
Tr(f †f)|κa〈σa〉|2
T
for T > M∆
L,R
,
Γ∆L=2 ∼
Tr(f †f)|κa〈σa〉|2T 3
M4∆
L,R
for T < M∆
L,R
.(22)
Eq. (20) is satisfied for these processes for our choice of
∆L mass of 3 TeV.
We need also check the right-handed neutrino-
antineutrino oscillation, which breaks lepton number by
two units is out of equilibrium till below the sphaleron
decoupling temperature. It is well known this type of
νR − ν¯R oscillation should be helicity suppressed [20].
We can roughly estimate the rate by
Γν
R
−ν¯
R
∼
Tr
(
m†RmR
)
T
for T ≫ mR . (23)
If the right-handed charged current interactions,
L ⊃
(
M2WL
M2WR
)
GF√
2
u¯Rγ
µdRe¯RγµνR +H.c. , (24)
keep in equilibrium above the crucial temperature Tsph,
the lepton-number-violating νR − ν¯R oscillation should
match the following condition,
Γν
R
−ν¯
R
< H(T ) for T > Tsph , (25)
to avoid the elimination of the produced lepton asymme-
try. It is easy to see that for keV right handed neutrinos,
the above conditions are easily satisfied.
The [SU(2)]-triplet Higgs scalars ∆L,R, which have
become non-relativistic above the the temperature Tsph,
can efficiently decay into the [SU(2)]-doublet leptons lL,R
and convert their asymmetry into lepton number asym-
metry of the universe. There are no lepton number wash
out process active above the Tsph, as just demonstrated
and the lepton number of course gets converted to baryon
asymmetry via sphaleron interactions.
VI. BARYON ASYMMETRY
We can calculate the final baryon asymmetry in our
model from the initial lepton asymmetry using the chem-
ical potential identities [21]. Our considerations are
6slightly different from that of Ref. [21] since we also have
right handed neutrinos interactions in equilibrium. For
this purpose, we denote µq,d,u,l,e,ν,φ as the chemical po-
tentials of the SM fermions qL(3, 2,+1/6), dR(3, 1,−1/3),
uR(3, 1,+2/3), lL(1, 2,−1/2), eR(1, 1,−1), the right-
handed neutrinos νR(1, 0, 0), and the SM Higgs scalar
ϕ(1, 2,+1/2) respectively. Here the brackets follow-
ing the fields describe the transformations under the
SU(3)c×SU(2)L×U(1)Y gauge groups. Above the elec-
troweak scale, the SM Yukawa interactions yield the fol-
lowing relations,
−µq + µϕ + µd = 0 , − µq − µϕ + µu = 0 ,
−µl + µϕ + µe = 0 , (26)
whereas the SU(2)L sphalerons being in equilibrium lead
to,
3µq + µl = 0 , (27)
and the vanishing hypercharge in the universe requires,
3
(
µq − µd + 2µu − µl − µe
)
+ 2µϕ = 0 . (28)
At this stage, the right-handed charged current interac-
tions (24) may still keep in equilibrium, depending on the
left-right symmetry breaking scale and we assume that
they are, In which case, we further have
−µu + µd − µe + µν = 0 . (29)
Solving for these equations, all chemical potentials can
be expressed in terms of a single one (chosen here as µl.
For example, we read
µq = −
1
3
µl , µd = −
19
21
µl , µu =
5
21
µl , µe =
3
7
µl ,
µν =
11
7
µl , µϕ =
4
7
µl . (30)
The corresponding baryon and lepton asymmetries then
should be
B = 3
(
2µq + µu + µd
)
= −4µl ,
LSM = 3 (2µl + µe) =
51
7
µl ,
LνR = 3µν =
33
7
µl . (31)
If the right-handed charged current interactions (24)
have not decoupled before the SU(2)L sphaleron pro-
cesses stop working, we can easily read the final baryon
asymmetry from the initial lepton asymmetries,
Bf =
1
4
[
Bi − (LiSM + LiνR)] = −14
(
LiSM + L
i
νR
)
,(32)
by inserting the relation (31) and assuming the initial
baryon asymmetry to be zero, i.e. Bi = 0.
We now demonstrate the generation of the lepton and
baryon asymmetries. For the masses and couplings in
Eq. (12), we can expect a weak washout condition,
K =
Γσ
1,2
H(T )
∣∣∣∣T=Mσ
1,2
≃ 0.6 , (33)
under which the final baryon asymmetry can well approx-
imate to [22]
nB
s
= −1
4
nL
s
∼ −1
4
ε∆σ
1
+ ε∆σ
2
g∗
. (34)
Here nB, nL and s respectively are the baryon number
density, the lepton number density and the entropy den-
sity, while g∗ = 209.5 is the the relativistic degrees of
freedom during this leptogenesis epoch. Moreover, the
conditions (20) and (25) can be also satisfied. We fur-
ther assume the σ1,2 scalars are quasi-degenerate,
Mσ
2
−Mσ
1
= 10−5Mσ
1,2
≫ Γσ
1,2
. (35)
The CP asymmetries ε∆σ
1,2
then can arrive at
ε∆σ
1
= ε∆σ
2
= 2.74× 10−7 sin δ
with δ = Arg (µ∗2µ1κ2κ
∗
1) . (36)
Therefore, the final baryon asymmetry can be consistent
with the observed value,
nB
s
= 10−10
(
sin δ
0.15
)
. (37)
VII. DISCUSSIONS AND COMMENTS
In this section, we make a few phenomenological com-
ments on the model.
• The left-right symmetry breaking, the quark seesaw
and the type-II seesaw scales are all at the TeV
scale so that they can be tested at the colliders
such as the LHC. For example, in this model, the
dominant decay mode of WR is not to the type
I mode ℓ±ℓ±jj but rather to tb¯ as well as to ℓ+
missing ET final states. The LHC limit on WR for
this mode is 4 TeV [23]. Such right handed keV
neutrinos may also be accessible at the KATRIN
experiment [16]. Furthermore, the quark seesaw
leads to flavor violating decays of t e.g. t → c + g
etc which can be used to test these models.
• Since the masses of ∆L,R are close to 3 and 1 TeV
respectively in this model, from the flavor struc-
ture of the f -coupling from neutrino mixings, one
expects flavor changing rare decays of the τ lep-
ton. With f ∼ 0.05, this is consistent with current
limits but this model predicts that they should be
observable once the search sensitivity goes down.
Clearly, the predictions depend on whether the neu-
trino mass hierarchy is normal or inverted and we
do not go into a detailed discussion of this in this
paper.
• For light νR and low mass WR, there are stringent
supernovae 1987A bound [24] on WR mass of ∼ 20
TeV or so. However, it must be pointed out that
7these bounds are dependent on detailed supernova
properties e.g. radial dependence of temperature
as well as possible new interactions [25]. For exam-
ple, in addition to the interactions in the model, if
there are singly charged SU(2)L,R singlet particles
η+L,R, their interactions could trap the right handed
neutrinos [25] and help avoid the above bound.
VIII. CONCLUSION
In this paper, we show how to avoid the lower bound on
WR mass in left-right symmetric models that arises from
leptogenesis in type-I TeV scale models. We consider a
quark seesaw version of the left-right model where left-
right gauge symmetry breaking is decoupled from lep-
togenesis by adopting an alternative scenario for lepton
number generation. Lepton asymmetry is generated not
by the decay of right handed neutrinos as in conventional
type I models but rather via the decay of some gauge sin-
glet scalar bosons. The latter decays generate an asym-
metry between the lepton number carrying Higgs triplets
responsible for type-II seesaw which subsequently decay
to leptons via the type-II type coupling and transfer their
asymmetry to lepton number. We show how the small
triplet VEV required for understanding small neutrino
masses is generated in this model via a two step symme-
try breaking, thereby alleviating the fine tuning problem
associated with the SM implementation of type-II see-
saw. Our model predicts keV sterile neutrinos coupling
to right handed currents. The strong CP problem is also
solved by parity symmetry. Furthermore, the left-right
symmetry breaking, the quark seesaw and the type-II
seesaw are all at the multi-TeV scale so that they can
leave testable signatures at the colliders such as the LHC.
For example, in this model, the dominant decay mode of
WR is not to ℓ
±ℓ±jj but rather to tb¯ final states as well
as to ℓ+ missing ET . The right handed keV neutrinos
predicted by this model may also be accessible at the
KATRIN experiment [16].
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